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INTRODUCTION 
Water erosion of cropland has been a recognized national 
problem for over a century. Solutions to erosion problems 
have been advanced and accepted for an equal period of time. 
Yet erosion of cropland remains a serious national, regional, 
state and local problem. Over one-half of all U.S. cropland 
has erosion as its dominant limitation to use (Conservation 
Needs Inventory Committee, 1971). About 66 percent of Iowa 
cropland needs more treatment to control soil loss caused by 
both wind and water (Iowa Conservation Needs Committee, 1970). 
Over 70 percent of cropland in several counties in Iowa needs 
contouring, stripcropping, terracing, or diversions to protect 
cropland from erosion (Iowa Conservation Needs Committee, 
1970). 
Man has developed the means to control erosion on 
cropland. Piest and Spomer (1968) found soil losses from 
level-terraced cornfields and meadows on loessial soils in 
western Iowa were usually less than one ton per acre annually. 
Laflen et al. (1972) found that soil losses from three of four 
tile-outlet terrace systems in Iowa were about 5 percent of 
estimated soil erosion between terraces. Wischmeier and 
Smith (1965) developed an erosion equation for estimating soil 
losses from cropland east of the Rocky Mountains. The 
equation, and the factor values reported, provide guidelines 
for conservation farm planning. Various alternatives for 
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controlling erosion on cropland range from land use change to 
terracing. Soil loss from areas can be reduced to acceptable 
levels from the standpoint of downstream water quality and 
conservation of the soil resource by the use of one or more 
of the following: (1) land treatments, (2) land-formed 
structures, (3) reservoirs (Laflen and Moldenhauer, 1971). 
Even though man recognizes erosion as a problem and is 
knowledgeable about the various alternatives for eliminating 
erosion, he frequently does not use erosion control on crop­
land. Held et al. (1962) enumerated a number of factors hin­
dering soil erosion control in western Iowa. Among the several 
factors was included the difficulty in providing fields of a 
size and shape that would permit ease and efficiency in the 
use of machinery if contouring and terracing were used. 
In 1917, Ramser advocated the use of an underground tile 
connected to surface drains in gullies above terraces to 
remove water ponded above terraces. According to Phillips 
(1969), only a few such terraces were used prior to the 
development work by Paul Jacobson, former Iowa State 
Conservation Engineer, U.S. Department of Agriculture, Soil 
Conservation Service. Phillips indicated the main advantage 
of the tile-outlet terrace was farmability. The use of the 
underground conduit to remove ponded water in depressions 
above terraces permits the use of nearly straight terraces. 
Phillips also indicated that tile-outlet terraces would be 
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the most widely accepted of all terrace systems. Jacobson 
(1968) stated that every means should be taken to provide the 
straightest terrace alignment possible. Jacobson (1967) 
advocated construction of terraces in a sequence so erosional 
material could be deposited above terraces, thereby producing 
a more farmable surface. He suggested building the lowest 
terrace first, and delaying further construction until 
sufficient sediment had deposited above it. 
In minimizing costs of abating sediment pollution, it 
is necessary to know the cost and effectiveness of all 
alternatives. In cases in which one alternative alone will 
not be sufficient, another alternative, in series with the 
first may be considered. An example would be a combination 
of a minimum tillage system and terraces. For example, soil 
loss from a minimum tillage system might be lower than that 
from a conventional tillage system, but still be at an 
intolerable level. If a terrace system were added, soil 
losses would be reduced. A terrace system might trap 95 
percent of the soil eroded between terraces if conventional 
tillage were used. What percentage of the soil eroded between 
terraces would be trapped by the terrace if a minimum tillage 
system were used? Soil eroded from a minimum tillage system 
may possess considerably different physical properties than 
soil eroded from a conventionally tilled area. A thorough 
understanding and quantification of the factors and processes 
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involved in transportation and deposition of eroded soil lost 
from a tile-outlet terrace system must be known if the 
effectiveness of tile-outlet terraces, in series with other 
erosion-reducing practices, is to be known. For example, Seay 
(1970), in a study related to minimizing abatement costs of 
water pollutants from agriculture, used a linear programming 
approach in which terraces were assumed to trap an equal 
percentage of eroded material, regardless of whether 
conventional or minimum tillage was used. 
The concentration and size of sediment discharged affect 
the delivery of sediment from a source area to points 
downstream. For a given stream sediment transport capacity, a 
higher concentration and greater volume of fine sediments can 
be delivered to downstream points than coarse sediments having 
a high fall velocity (Vanoni et al., 1961). Since sediments 
have been indicted as an important transporting agent for 
adsorbed pesticides and plant nutrients (Nelson and Romkens, 
1970; White et al., 1967), it is important to know the amounts 
and properties of sediments that can be delivered to downstream 
points. 
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OBJECTIVES 
Tile-outlet terraces are an alternative means of 
controlling sediment delivery from agricultural lands. They 
also reduce erosion on agricultural lands. The objectives of 
this study are: 
I. To develop mathematical models describing the 
processes involved in soil and water losses from 
tile-outlet terraces. 
II. To develop simulation techniques for solution of 
mathematical models. 
III. To present the simulation model formulated for the 
digital computer. 
These objectives need to be reached if tile-outlet terraces 
are to be included as alternatives when planning means of 
reaching water quality standards with regard to suspended 
sediment. 
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STUDY DESCRIPTION 
Consider a tile-outlet terrace system as shown in Figure 
1. Excess rainfall transports eroded material to a water 
pondage area. Within the water pondage area, sediment 
settles and water infiltrates. Sediment and water are lost 
as discharge from the pondage area occurs. The sediment lost 
is suspended material in the discharge water. 
This study is directed toward the processes occurring 
in a pondage area and the resulting discharge. Estimates of 
delivery of runoff water, quantity of sediment and the size 
distribution of the sediment to the water pondage area are 
made. The model developed in a later chapter, the core 
of this thesis, describes the sedimentation, infiltration, 
and water discharge processes from a water pondage area, 
given the estimated inputs. 
The terminology used in this study is defined as follows; 
Erosion - Soil erosion in the watershed draining to a 
water pondage area. 
Soil Loss - Soil, as suspended material, in water 
discharged to the underground drain line. 
Discharge - Water passing from the water pondage area 
to the underground drain line. 
Pondage area - The low-lying area around the inlet to 
the underground drain where runoff water and 
suspended sediment accumulate. 
Delivery Ratio - The ratio of soil loss to erosion, 
expressed as percent. 
Sedimentation Runoff and Erosion 
Discharge Infiltration' 
Terrace 
Terrace Interval Pondage Area Discharge 
Runoff Sedimentation Water loss 
Erosion •-te Drainage Quantity 
Quantity 
Size distribution 
Discharge 
Infiltration 
Sediment loss 
Quantity 
Size distribution 
Figure 1. Description of tile—outlet terrace system and definition sketch 
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LITERATURE REVIEW 
Introduction 
Soil erosion is a process of detachment and transporta­
tion of soil materials by water. Ellison (1947) has said the 
erosive capacity of water is comprised of its detaching 
capacity and its transporting capacity. Both rainfall and 
runoff are involved. 
The major effort in this study is the development of a 
rational simulation model for predicting soil loss from 
tile-outlet terraces. The simulation model uses the best 
available means of estimating erosion to estimate soil eroded 
to the water pondage area, as well as fall velocities of 
sediment to predict sedimentation within a water pondage area. 
The major difference between soil loss from tile-outlet 
terraces and soil loss from unterraced land, given that other 
conditions are the same, is the effect of the ponding on 
sediment deposition. Terraces reduce slope length and may 
remove backslope land from production, but other factors 
influencing soil loss are unchanged. 
The Review of Literature which follows presents the 
state of the art in estimating soil loss from cropland, 
describes results of studies in reservoir sedimentation, and 
notes one case in which the physical processes of settling 
of sediments in a fluid are quantified and used in design. 
Some studies of erosion and sediment delivery are discussed. 
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Soil Loss from Cropland 
The most commonly used method of estimating soil loss 
by erosion is application of the soil loss equation developed 
by Wischmeier and Smith (1965). It is commonly referred to 
as the universal soil loss equation. The equation is 
A = RKLSCP (1) 
wherein 
A = The computed soil loss per unit area (tons/acre/year) 
R = Rainfall factor, the number of erosion-index units 
in a normal year's rain, a measure of the erosive 
force of rainfall 
K = Soil erodibility factor, the erosion rate per unit 
R for a specific soil in cultivated continuous 
fallow, on a 9 percent slope, 72.6 feet long 
L = Slope length factor, the ratio of soil loss from the 
field slope length to that from a 72.6-foot length 
on the same soil type 
S = The slope-gradient factor, the ratio of soil loss 
from the field gradient to that from a 9 percent 
slope 
C = The cropping management factor, the ratio of soil 
loss from a field with specified cropping and 
management to that from the fallow condition on 
which the factor K is evaluated 
P = Erosion-control practice factor, the ratio of soil 
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loss with contouring/ stripcropping, or terracing 
to that with straight-row fanning, up and down slope. 
The universal soil loss equation is an empirical 
equation, developed specifically to aid in selection of 
practices that would permit a farmer to make the most 
profitable use of his land and also protect and improve the 
soil. Eight thousand plot years of basic erosion data, some 
collected as early as 1929, were used in developing the 
equation and determining factor values (U.S. Department of 
Agriculture, 1961). The work by many U.S. researchers 
involved in the gradual evolution of the equation was 
reviewed briefly by Wischmeier and Smith (1965). Details of 
how to compute the various factors can be found in Wischmeier 
and Smith (1965). Wischmeier and Mannering (1969) related 
the soil erodibility factor to soil properties, permitting, 
by direct measurement of some 16 soil parameters, calcula­
tion of the soil erodibility factor by an empirical equation. 
The erosion control factor "P" in the universal soil 
loss equation is the ratio of the soil loss for a given 
practice to the soil loss for up and down hill culture. The 
most important of these practices are contouring, 
stripcropping on the contour, terrace systems, and stabilized 
waterways. For estimates of soil loss from fields with 
graded terraces, Wischmeier and Smith (1965) recommended "P" 
values one-fifth those of contouring. The values recommended 
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are shown in Table 1. 
The universal soil loss equation was designed to predict 
average annual soil loss from a specific field over an 
extended period. Predictions of individual storm soil losses 
Table 1. Practice factor values for terracing 
Land slope P value 
(%) 
1.1 to 2 .12 
2.1 to 7 .10 
7.1 to 12 .12 
12.1 to 18 .16 
18.1 to 24 .18 
will be less accurate. Also, the equation says nothing about 
either the time distributions of soil loss, or the size 
distribution of the soil that is lost. 
Meyer and Wischmeier (1969) developed an erosion simula­
tion model that included detachment and transport by rainfall 
and runoff. Functions were given for soil detachment by 
rainfall, soil detachment by runoff, transport by rainfall, 
and transport by runoff. A diagram of the model used by 
Meyer and Wischmeier is shown in Figure 2. 
The Meyer-Wischmeier model is a first attempt to 
develop an erosion model describing the processes occurring 
during erosion. It correctly identifies processes occurring. 
Compare 
Detached on Increment 
Soil from upslope 
Detachment 
by Rain 
Detachment 
by Runoff 
Total Transport 
Capacity 
Total Detached 
Soil 
Soil Carried Downslope 
Transport 
Capacity of 
Runoff 
Transport 
Capacity of 
Rain 
Figure 2. Illustration of approach presented in Meyer-Wischmeier model 
of soil loss on an increment of area 
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attempts to quantify the processes, and logically describes 
the interrelationships between detachment and transport 
processes. While the model appears conceptually valid, much 
effort is needed to determine the various functions involved. 
Foster and Meyer (1970) have used the Yalin transport 
equation to predict the rate of sediment transport by shallow 
flow. A modification of the Yalin transport equation 
predicted the particle size distribution of the transported 
material. The materials used in the study were either a 
noncohesive sand or glass spheres. 
The Meyer-Wischmeier model in time may be sufficiently 
accurate for use, but presently lacks tested functions and 
values of soil factors. 
Onstead et al. (1967) used the universal soil loss 
equation to compute points on slopes where soil erosion and 
deposition of eroded material occurred. They also computed 
amounts of erosion and deposition. They divided a slope length 
into a number of increments, and by use of the slope of the 
increment and the slope length as defined by the distance 
from the lower boundary of the increment to the upper end of 
the slope, computed total soil movement past the lower end 
of the increment. Repeating for the next lower increment, 
they computed erosion within the lower increment as the 
difference between what passed through the lower end of the 
increment under study, and what entered from the upper 
boundary of the increment. If the difference was negative, 
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deposition occurred within the increment. They indicated 
that further refinement of the method was needed. It had 
the same weakness, insofar as meeting the objectives of this 
study, as did the universal soil loss equation. 
Meyer and Kramer (1969) used three soil loss prediction 
equations relating slope and slope length to soil loss to 
study land slope development. Primary value of the study was 
to show how slopes evolved. The soil loss prediction 
equations included the universal soil loss equation. 
It appears that the soil loss equation of Wischmeier and 
Smith is most useful for estimating erosion on areas between 
tile-outlet (or any) terraces, but additional work is needed 
to provide a reliable estimate of delivery of eroded material 
from the terrace. 
Reservoir Sedimentation 
Reservoirs are analogous in some ways to tile-outlet 
terraces. Water and eroded material are stored above the 
terrace in a pondage area until they are discharged. 
Reservoirs usually have a permanent pool for water storage, 
but some reservoirs are desilting basins, or dry dams for 
flood control. During the period water is stored in either 
a pondage area above a tile-outlet terrace or in a reservoir, 
the same processes—inflow, discharge, infiltration, 
évapotranspiration, and settling of sediments—may occur. 
The primary difference between water pondage areas of 
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tile-outlet terraces and reservoirs is one of scale and time. 
Brune (1953) analyzed 44 records of reservoir trap 
efficiency (the percentage of sediment entering the reservoir 
that is deposited in the reservoir) and the factors affecting 
trap efficiency. Reservoir watersheds ranged in size from 
0.038 square mile to 184,600 square miles. He found that the 
capacity-inflow ratio (storage volume ? annual inflow volume) 
was better correlated with trap efficiency of a reservoir 
than was the capacity-watershed area ratio (storage capacity 
per unit watershed area). The capacity inflow (C/I) ratio 
also provided an index for reservoir type; those with ratios 
of 1 or less were classed as seasonal storage reservoirs, 
and those with ratios greater than 1 were hold-over storage 
reservoirs. 
Brune did note that the trap efficiency of a desilting 
basin is related to its shape. A desilting basin in Illinois 
had a trap efficiency of 98.8 percent, about 14 percent more 
than expected, based on the C/I ratio. This was due largely 
to the shallowness; sediment would settle to the bottom in a 
short time. 
Lane and Kennedy (194 0) noted the relation between the 
size distribution of sediment flowing into a reservoir, the 
time the sediment remains in the reservoir and the trapping 
of sediment by the reservoir. They found material passing 
from Miami Conservancy District reservoirs was considerably 
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finer than material deposited in the reservoir. Curtis 
(1968) computed trap efficiencies of about 33 percent for 
two dry retarding basins in the Miami Conservancy District. 
A dry retarding basin stores water only during periods of 
excessive runoff. The two basins were those which 
apparently trapped the most sediment of all Miami Conservancy 
District dry retarding basins. Curtis indicated the reason 
for the higher trap efficiency of the two dry retarding 
basins was the low ratio of maximum outflow rate to maximum 
inflow rate when compared to other Miami Conservancy District 
dry retarding basins. Curtis indicated that the C/I ratio 
was not applicable for dry retarding basins since the ratio 
is different for every storm. 
Curtis found that sediment samples from one of the 
reservoirs averaged 40 percent clay, 49 percent silt, and 11 
percent fine sand, while another reservoir with a longer 
detention time averaged 50 percent clay, 45 percent silt, and 
5 percent sand. Both reservoirs had similar size distribu­
tions of incoming sediment. 
Literature cited indicates that researchers have 
developed empirical methods of estimating sedimentation 
within reservoirs. None have tried to model sedimentation 
by use of fall velocities of sediments. 
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Settling Tank Sedimentation 
The removal by gravitational settling of suspended 
particles heavier than water is perhaps the most widely 
useful operation in water and wastewater treatment (Fair et 
al., 1968). Settling tanks are included in water purifica­
tion works for removing readily settled sediments, 
coagulated impurities, and precipitated impurities. 
Processes occurring in ideal settling basins are 
explained on the basis of Stokes' law. Fall velocities are 
used to compute percentages of particles of a certain size 
that are trapped in a settling tank. Size, density, and 
flocculating properties of suspended solids, together with 
their tendency to retain water, determine the geometry of 
the settling or rising zone of sedimentation basins and 
flotation tanks. Camp (1946) and Ingersoll et al. (1956) 
have rather complete discussions on settling tanks and the 
application of Stokes' law to the design of settling tanks. 
Examination of the theory of sedimentation of an ideal 
settling basin might be helpful. The following development 
is taken primarily from Fair et al. (1968). 
Consider a continuous-flow rectangular settling tank 
(Figure 3) as the simplest (mathematically) case. For an 
ideal settling basin assume that: 
1. Within the settling zone, sedimentation takes place 
exactly as in a quiescent container of the same 
depth. 
V 
Settling Zone 
Bottom Zone 
Figure 3. Sedimentation in a continuous flow rectangular settling tank 
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2. Flow is steady and, upon entering the settling zone, 
the concentration of suspended particles of each 
size is uniform throughout the cross section at 
right angles to the flow. 
3. In the bottom zone, particles are and stay removed. 
4. Each infinitesimal . element of fluid travels in a 
horizontal direction only and each element has the 
same horizontal velocity. 
Assuming discrete particles, particles which fall with a 
velocity such that 
will not appear in discharge from the settling tank. is 
fall velocity, V is flow velocity of water, h is the depth 
of the flowing water, and L is the length of the settling 
tank. Particles falling with a velocity 
will appear in the discharge waters. Some, however, will be 
trapped. If flow velocity is V, a particle passes through a 
tank in an amount of time given by L/V. During that time, 
all particles having a fall velocity of will fall a 
distance given by L(V^/V). The percentage of particles 
having fall velocity removed from the flow is given by 
As shown in Figure 1, Q' is flow rate per unit width, and 
Percent removed = 100 ^  for 
20 
0 1 =  Q  
L A 
wherein Q is total flow rate into a settling basin of width 
b, and A is the surface area of a settling basin. Percent 
removal of particles falling at can then be expressed as 
Percent removal = 100 V^/CQ/A) 
Given the assumptions above and an inflow concentration and 
a density function for the inflow size distribution, it is 
possible to compute total loss and size distribution of the 
loss. 
Erosion and Sediment Delivery 
Eroded soil is transported from an area to points 
downstream. However, the volume of soil passing downstream 
points is usually less than the volume of eroded soil within 
the contributing watershed. The volume and density of soil 
reaching points downstream are important to those interested 
in designing reservoirs, for they must allow for storage of 
sediment deposited within the reservoir. 
The ratio of the amount of sediment reaching a point 
downstream to erosion occurring in the watershed above this 
point is termed the delivery ratio. Glymph (1954) found that 
delivery ratio increased as the watershed area decreased. 
Methods for estimating sediment yield or reservoir deposition 
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developed by Glymph et al. (1951), Gottschalk and Brune 
(1950), and Stall and Bartelli (1959) show that their 
delivery ratios follow a similar trend. Beer et al. (1966) 
used an estimated reservoir trap efficiency of 97 percent, 
and computed delivery ratios for 24 western Iowa and north­
western Missouri watersheds ranging from 0.68 to 2.65 
square miles. They indicated that drainage area and delivery 
ratios were poorly correlated, possibly because of poor 
reservoir trap efficiency values and because sediment 
delivery is influenced by variables other than watershed 
size. 
Beer et al. (1966) used three soil erosion equations to 
estimate sheet and rill erosion in their study. The three 
equations were the universal soil loss equation, the modified 
Musgrave equation (Farnham et al., 1966), and an equation 
developed by Gottschalk and Brune (1950) referred to as TP-97. 
They used the three estimated values of sheet and rill 
erosion as an independent variable in a prediction equation 
for estimating the amount of sediment deposition in a 
reservoir. They found that the modified Musgrave equation 
was the best estimator of sheet and rill erosion. The 
modified Musgrave equation is very similar to the universal 
2 
soil loss equation. R values were 0.79 for the modified 
Musgrave, 0.73 for the universal soil loss equation, and 
0.53 for TP-97 method. 
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Summary 
The Review of Literature shows that research and design 
engineers, when faced, with the problem of estimating soil 
losses from lands (or delivery to reservoirs) have used 
empirical prediction equations. Reservoir trapping of 
sediments has been based on empirical relations of trap 
efficiency to reservoir-watershed parameters also. Only in 
sanitary engineering design of settling tanks was the theory 
of sedimentation used. 
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MODEL FORMULATION 
Introduction 
A general model of soil and water loss from a water 
pondage area is developed in the early portion of this 
chapter. Sedimentation in the water pondage area is based 
on fall velocities of sediment, computed using Stokes' law. 
Four models which deal with different means of approximating 
flow rates of water containing sediments of specific sizes 
are presented in later portions of this section. 
The models presented here apply only to tile-outlet 
terraces because of some of the assumptions (or approxima­
tions) . These are discussed at the end of this section. 
Testing of the model is described in a later section. 
Necessary functions are also developed in a later section. 
General Model 
When excess rainfall occurs on an area above tile-outlet 
terraces, the runoff, with detached sediment, moves into the 
water pondage area around the outlet to the underground 
conduit. While trapped in the water pondage area, part of 
the runoff is infiltrated into the soil profile and suspended 
sediment settles. Eventually the runoff is completely 
infiltrated or discharged from the water pondage area. The 
model developed herein deals mostly with infiltration and 
discharge of water and settling of suspended soil. 
Concentration--)» C 
P>t, P.t 
rime--> t t < t < t. 0 A 
C - Concentration of sediment of size p at time t 
P > t 
dj. - Water depth at t 
d ^ - Distance of uppermost size p from bottom of 
pondage area at t 
I - Infiltration rate 
T^- Time when = 0 
Figure 4. Illustration of dimensions involved in simulation 
25 
Consider a water pondage area as shown in Figure 4. 
Assume that some initial depth exists at an initial time 
t . Also assume that there exists a concentration of sediment 
o 
with a cumulative size (fall velocity) distribution 
H(p) in every elemental volume of fluid at the initial time. 
2 Assume that a sediment of size p falls with velocity bp 
(Stokes' law) relative to the water near it in a water pondage 
area. Also, there exists an infiltration function [I = I(t)], 
discharge function [Q = Q(d)], and surface area function 
[A = A(d)]. Then the rate of change of depth with time is 
given by 
(21 
Now, considering a single size - p only, and assuming 
sediment encountering a boundary of the pondage area is 
no longer in suspension and fall velocity is constant until 
a boundary is encountered, there exists an upper boundary 
of volume within a pondage area. No sediment of size p 
is above this boundary. Below the boundary, concentration 
of p is equivalent to the initial concentration of p. 
Assuming this boundary is horizontal, then 
= - ÛE . X - ,3, 
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Note in particular that Equations 2 and 3 are similar. At 
time equals zero, the rates of change in depth are equal for 
both the water and for the volume containing the sediment of 
size p except for the fall velocity of sediments of size p, 
since, at time zero, flow rates and areas are equal in the 
volume containing water and in the volume containing sediment. 
Equation 2 can be rewritten as 
= " §T§r - Kt) (4) 
and assuming a solution exists and is given as 
d = P(t) (5) 
and its inverse 
t = G(d) (6) 
the time at which depth is zero is given by 
tg = G(d=0). (7) 
Total water loss (V^) can be computed as 
tf 
• f  = I Q[F(t)] dt (8) 
^o 
Now, using subscripts to refer to a particular sediment 
size, the flow rate and area variables in Equation 3 may be 
rewritten as 
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and 
Ap . Ap{dp) (9) 
Op = Qpldp.d) (10) 
where d is depth of water in the water pondage area and d^ is 
depth of the volume containing sediment of size p. Then 
Equation 3 may be rewritten as 
d(d ) 0_(d ,d.) 2 
- ygp) - (11) 
Then, assuming a solution to Equation 11 exists and is given 
by 
dp = Fp(t) (12) 
and its inverse 
t = Gp(dp), (13) 
there is a time at which the uppermost sediment of size p 
reaches the bottom of the water pondage area. This time is 
given by 
tf,p = Gp(dp=0). (14) 
Total amount of water lost with the initial concentration of 
sediment of size p (V^ ) is then given by 
J- f P 
t. 
= / Qp[Fp(t), F(t)] dt (15) 
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Total soil loss Sj is then given by 
h- (p) Q^[F^(t), F(t)] dt 
P P 
dp, (16) 
where C is initial sediment concentration, r is the weight 
o 
per unit volume, and h' (p) is the size distribution density 
function. 
If initial volume of water in the pondage area is given 
by V^, the delivery ratio (DR = percent of initial weight of 
sediment in pondage area that is lost from the water pondage 
area) is expressed as 
S, 
DR = X 100 (17) 
The cumulative size distribution function of the soil 
discharged H'(p) is 
H'(p) = 
rC. 
h' (p) 
'fyP 
Qp[Fp(t), F(t)] dt dp 
(18) 
The differential and integral equations above plus others 
easily developed can be used to compute information of 
interest about theoretical soil and water loss from 
tile-outlet terraces if solutions are possible. 
The following sections present and discuss the four 
models tested which represent approximations of flow of 
sediment-laden water from a water pondage area. The 
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particular function to be considered is that one given in 
Equation 10. 
Op = Op(ap,d) • (10) 
other sections in a later chapter present the other functions 
used. Since it was not feasible to take the necessary 
samples to show what proportion of total flow contained 
sediment of a certain size at its initial concentration, four 
functional relationships were assumed. In a later chapter, 
comparisons between measured and predicted soil loss 
parameters are used to select a "best" model. 
Model I 
The assumption for Model I was: As long as sediment of 
size p remained in suspension, all flow was from the volume 
containing the sediment of size p, and the concentration of 
that sediment size remained constant. Equation 10 was written 
as 
Qp = Qp(dp,d) = 0(d) dp > 0 
Qp = Qp(dp,d) =0 dp = 0 (19) 
Model II 
The assumption for Model II was: Flow from the pondage 
area consisted of flow from the clear volume above the 
uppermost sediment of size p plus flow from the volume below 
the uppermost sediment of size p. Flow rate below the 
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uppermost sediment of size p was equal to the flow rate from 
the water pondage area if the depth of water was equal to the 
sediment depth, 
Qp = Qp(dp,d) = 0(dp). (20) 
Flow from the volume containing sediment of size p had a 
concentration of size p equal to the initial concentration of 
size p. 
Model III 
The assumption for Model III was: The ratio of flow 
rate from the volume containing sediment of size p to total 
flow rate from the water pondage area was equal to the ratio 
of the depth of the volume with sediment of size p to the 
total depth. Equation 10 was expressed as 
Qp = Op(dp,d) = 0(d) dp/d (21) 
Model IV 
Model IV was quite similar to Model III except that the 
flow rate ratio was equal to the ratio of the volume occupied 
by p (Vp) to total volume (V). Equation 10 was then 
Qp = Qp(dp,d) = Q{d) Vp/V. (22) 
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Assumptions and Approximations 
Several assumptions and approximations were necessary in 
order to mathematically model and simulate soil and water 
discharge from tile-outlet terraces. The more important of 
these are described below. 
Approximation; No inflow to pondage area after peak discharge 
rate. 
The approximation was necessary since there was no 
reasonable way to handle a nonhomogeneous sediment-water 
mixture in the water pondage area. 
Total inflow to a water pondage area occurs over a finite 
time period. The runoff-generating rainfall may occur over 
several hours. On small agricultural watersheds, however, 
many runoff-producing storms are of fairly small duration 
because they result from high intensity, short duration 
thunderstorms. 
The time for water to run from the hydraulically most 
distant point of a watershed to the outlet from the watershed 
is termed the time of concentration. The time of concentra­
tion of areas lying between tile-outlet terraces is probably 
less than 1/6 hour, based on an equation presented by 
Kirpich (1940). This is a relatively small time span in 
relation to the time water is stored in a water pondage area. 
Total time of inflow of water into a water pondage area from 
a single short-duration rainstorm would be small compared to 
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the elapsed time of discharge of water from the water pondage 
area. The time of inflow, as well as storage time in the 
pondage area, would vary from storm to storm. 
Assumption; The sediment-water mixture at the initial time 
is homogeneous. 
Doty and Carter (1964) have shown that sediment concen­
trations in runoff from small plots and size distributions of 
the sediment vary with time during a runoff event. It is 
unrealistic to expect every element of fluid to have the same 
concentration of sediment, or to have every element of fluid 
contain sediment with the same size distribution as every 
other element. However, sediments having high fall 
velocities encounter the bottom of a shallow pondage area 
quickly in a quiescent fluid, and are probably relatively 
unimportant in soil loss from tile-outlet terraces. Other 
sediments are probably dispersed because of turbulence while 
inflow is occurring, and both concentrations and size 
distributions of sediment may approach a homogeneous mixture. 
This assumption appeared to be reasonable and was used in the 
model. 
Assumption; Every particle of a given fall velocity has zero 
velocity relative to other particles having that fall 
velocity. 
This assumes that Stokes' law applies. When inflow has 
ceased and discharge is low relative to the stored volume of 
water, the conditions are nearly satisfied except near the 
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outlet. 
Summary 
In this chapter a general model of soil and water loss 
has been developed. The general model has been defined for 
four different flow-concentration assumptions related to the 
ratio of discharge of water containing sediment of a particu­
lar size at the initial concentration of that size of 
sediment to total discharge of water. Additional assumptions 
or approximations related to the inflow of the sediment-water 
mixture at the initial time, and the application of Stokes' 
law were made and discussed. 
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METHODS AND PROCEDURES 
Introduction 
The methods and procedures followed in the collection of 
the field data are given in this chapter. The computer 
simulation is also described. Functions used in the simula­
tion of soil and water discharge from water pondage areas are 
given. 
Field Study 
Three tile-outlet terrace systems in Iowa were 
instrumented in 1968-1969 to measure water discharge and 
collect integrated samples of water and sediment discharge. 
The terrace systems were on privately owned land managed by 
the farm operator. The terrace systems were designed and 
construction supervised by U.S. Department of Agriculture, 
Soil Conservation Service personnel before the areas were 
selected for study. Table 2 gives some physical data for each 
system. 
The system of tile-outlet terraces in each case 
discharged into a flow-rate measuring and dividing flume. 
Discharge from the flume flowed through thirteen 22-1/2° 
V-notch weirs. The center V-notch weir discharged into a 
second flume with thirteen 22-1/2® V-notch weirs. One of the 
V-notch weirs in the second flume discharged into a galvanized 
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Table 2. Physical data on the tile-outlet terrace systems 
studied 
Number 
Universal 
soil-loss 
equation 
Location Area 
Ter­
races 
Out­
lets 
factors^ 
K LS 
Terrace 
spacing 
Main 
slop 
Soil 
e type 
(acres) (ft) (%) 
Eldora 8.8 5 5 0.37 0.29 128 4 Fayette 
silt 
loam 
Charles 
City 
22.8 5 5 0.32 0.29 208 3 Floyd 
loam 
Guthrie 
Center 
11.0 4 8 0.32 0.45 128 6 Clarion 
loam 
is the soil-erodibility factor; LS is the length-slope 
factor. 
sample storage tank. The galvanized sample storage tank 
stored 1/169 of total flow until it was completely filled. 
Once filled, the overflow discharged through either another 
set of V-notch weirs or a set of circular orifices. One of 
the weirs or orifices discharged into a second tank. The 
number of weirs or orifices between tanks depended on the 
drainage area of the tile-outlet terrace system. 
Flow depths were recorded in the first flume by a float-
activated water stage recorder. Instantaneous flow rates were 
computed from a relation between depth and flow rate based on 
a laboratory calibration. Laboratory tests were also made to 
verify that a constant proportion of the discharge was 
discharged through the single weir for either the first or 
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second flume. Some field tests were performed to determine 
whether the weirs or orifices between sample storage tanks 
were receiving a constant proportion of the discharge rate. 
The equipment of a typical field installation is shown in 
Figure 5. 
Triplicate samples were collected from each sample 
storage tank after (and occasionally during) each runoff 
event. The sample storage tanks were stirred thoroughly 
before collecting a sample, and then stirred between samples. 
Each sample was about one quart in volume. Samples were 
stored at a location until picked up and returned to Ames for 
analysis. When possible samples were collected directly from 
the tile drain line. Sediment size distribution analyses 
were made on two of the triplicate samples. The procedure 
for determining the sediment size distribution was as 
follows. Samples of the runoff water and sediment mixture 
were agitated to suspend material in the sample container. 
Contents were poured into a graduated cylinder. The sample 
container was rinsed with distilled water and the rinse 
water poured into the cylinder. Usually the volume of 
distilled water was about 10 percent of the sample volume. 
Material in the cylinder was mechanically stirred and sampled 
at known times and depths. Procedures followed after 
mechanical stirring are those given for primary particle size 
distribution determinations by use of the pipette (Day, 1965). 
It was assumed that the density of the sediments was 2.65 gm/ 
35b 
Figure 5. Typical field installation of 
measuring and sampling equipment 
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cc. Sediment size data reported are actually those for 
sediments having fall velocities equivalent to the size given 
with an assumed density of 2.65 gm/cc. Concentrations were 
adjusted for dilution by distilled water, and for the presence 
of dissolved solids. 
Rainfall was measured with a recording raingage and a 
standard raingage at each location. Rainfall data were 
processed to compute maximum intensities for durations of 5, 
15, 30 and 60 minutes, and to compute total rainfall energy. 
The rainfall factor, R, for each storm for the universal soil 
loss equation was calculated following procedures outlined by 
Wischmeier and Smith (1958). 
A topographic survey of the Eldora location was made in 
1968. In 1970, topographic surveys of the other two locations 
were completed. The topographic data were used to compute 
the LS factor for the universal soil loss equation. Visual 
observations in the field indicated that water normally 
traveled parallel to rows until reaching a point where it 
flowed across rows to the water pondage area. Consequently, 
the length and slope of rows were assumed to furnish the best 
estimate of the length and slope for computing the LS factor. 
About 20 determinations of lengths parallel to rows and the 
average slope along these rows were used to compute an 
average LS factor. 
Soil maps of each of the locations were furnished by the 
Soil Conservation Service. These maps identified soil types. 
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The soil erodibility factor used was that used by the Soil 
Conservation Service (1963). 
Physical data on the tile-outlet drainage systems were 
collected from Soil Conservation Service records and by field 
surveys. Plan views of the underground drainage systems are 
shown in Figures 6 through 8. 
Storm Selection 
Most storms selected for simulation were single peaked 
(had only one rise in stage), had measurable soil loss, and 
had nearly all runoff discharged after the peak rate of 
outflow. There were some storms selected which did not 
meet all the criteria above. The storm which showed 
greatest deviation from the criteria was the storm of July 6, 
1969, at Eldora. Runoff occurred over a 103-hour period. 
Two inches of water were discharged from the water pondage 
areas. Four peaks were observed. Water discharge and soil 
loss following one peak were simulated. The percentage of 
soil eroded into the pondage area that was discharged was used 
to compute soil loss for the entire storm. Pertinent storm, 
runoff, and soil loss data are given in Table 3 for the storms 
selected. 
Computer Simulation 
The computer simulation involved programming in finite 
difference form first order differential equations 4 and 11. 
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Scale - 1" = 150 
Watershed 
boundary 
Terrace 
Inlet 
5"D 
S=4.3% Underground drain 
line 
5"D 
S=3.3% 
5"D 
S=1.8% 
Discharge ' 10"D 5=0.4% 
Figure 6. Plan view of terrace system and 
underground drain system at 
Eldora 
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Scale-1" = 200' 
Watershed boundary 
Inlet »0 
S = . 025 
6"D 
S = .019 
Terrace S = .016 8"D, -
10"D 
S = .003 
Discharge 
Figure 7. Plan view of terrace system and underground 
drain system at Charles City 
Scale - 1" = 200' 
y^ / Watershed JSound^r;^^ 
Inlet 
5"D 5"D 
.058 .067 
5"D 5"D 
.032 .058 
5"D 
.044 
I Terrace 
5"D 
.049 
.032 
Discharge 
.007 
Figure 8. Plan view of terrace system and underground drain system 
at Guthrie Center 
Table 3. Rainfall, runoff, and soil loss for storms 
included in study 
Surface water yield 
Per orifice 
Location After 
and date Rain EI Total Total peak 
in. in. cu .ft. 
Eldora 
6—29—68 1.27 — — — — .25 1601 1567 
7-17-68 3.01 65.5 .47 3016 2034 
8—08—68 1.41 17.9 .20 1269 1194 
6—17—69 2.58 21.1 .05 338 285 
6-29-69 0.63 1.9 .08 530 353 
7—06—69 7.81 136.3 .11 698 627 
7-17-69 1.51 18.8 .07 437 410 
7-23-69 0.90 11.9 .10 639 567 
7-26-69 0.94 13.0 .16 1009 971 
8—20—69 2.92 89.2 .56 3610 2351 
6-07-71 1.41 16.5 .18 1152 1100 
6-12-71 1.93 20.8 .42 2654 2017 
5-27-7Ô 1.12 6.8 .28 4683 3313 
6-01-70 0.51 1.6 .05 760 703 
9-01-70 2.74 71. 0 .03 433 357 
10-26-70 1.42 .21 3427 3096 
11-09-70 0.74 — — — — .04 677 414 
11-19-70 1.03 1.2 .15 2533 1630 
5-31-71 1.66 41.1 .40 6551 5943 
6—06—71 1.36 18.2 .24 4019 3283 
Guthrie Center 
7-26-69 1.63 44.8 .45 2229 2129 
8-08-69 0.58 6.0 .06 286 269 
9-06-69 0.97 18.0 .10 505 461 
5-23-70 0.68 9.0 .06 305 279 
5—24—70 0.36 2.4 .08 399 353 
6-11-70 1.26 16.4 .09 453 397 
6—16—70 0.89 4.5 .03 131 113 
8-07-70 1.23 12.0 .03 154 127 
8-17-70 1.37 18.7 .02 124 100 
6—06—71 1.27 6.1 .05 243 205 
ais-
harg 
a. ft 
hr. 
177 
206 
132 
110 
125 
162 
130 
136 
148 
231 
231 
239 
276 
123 
231 
372 
108 
210 
921 
322 
377 
116 
260 
193 
128 
186 
68 
138 
154 
223 
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Size distribution of soil lost 
Soil Sediment size (microns) 
loss 1 2 4 8 16 
#/A percent finer than 
171 41.2 
157 ——— 44.4 
32 ———— 64.8 
440 28.1 55.8 
587 69.1 78.0 
49 26.8 51.2 
35 33.2 46.8 
55 31.7 63.0 
165 18.3 44.9 
186 23.2 52.2 
———— 89.2 99.6 
63.2 79.8 97.8 
75.5 87.4 93.1 
79.3 92.7 
——— 91.0 98.4 
77.2 91.1 98.0 
68.3 97.1 
75.3 92.2 
71.8 90.5 96.3 
78.7 92.3 97.7 
260 
16 
1 
19 
9 
13 
61 
46 
2 2 . 6  
2 2 . 2  
18.4 
18.7 
41.7 
22.3 
32.8 
63.2 
55.2 
44.0 
49.9 
88.9 
65.5 
74.1 
77.7 
99.3 
95.4 
95.7 
183 14.3 37.2 
7 20.2 47.5 
90 6.4 21.4 
87 17.9 40.1 
142 7.9 23.5 
15 14.6 30.5 
11 18.3 24.1 
7 15.0 27.7 
73 11.0 26.9 
61.4 
53.5 
81.1 
72.2 
93.2 
38.3 62.4 83.1 
64.7 
42.7 
86.2 
68.1 
98.1 
87.6 
59.3 
38.9 
85.7 
57.0 
96.8 
76.9 
28.3 
51.7 
64.1 
78.3 
79.9 
92.3 
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Given functions expressing flow rate and surface area as 
functions of depth; treating the constant b in the expression 
for fall velocity of sediments as if the sediment were round 
and had a density of 2.65 gm/cc; the fluid had a density of 
2 1.00 gm/cc, gravity was 980 cm/sec ; the viscosity was 1.00 
centipoise; and assuming infiltration rate as a function of 
time. Equations 4 and 11 can be programmed easily for any 
initial condition. By use of a careful accounting system, 
information needed to compute total soil loss, total water 
loss, total soil loss of any size material and size 
distribution of soil loss can be obtained. 
Computational methods 
The basic equations to solve were first order differen­
tial equations 
^ = « 
and 
d(d^) On(d!,d) , 
° - bpZ. (11) 
For most naturally occurring functions, direct analytical 
solutions of Equations 4 and 11 were not possible. Instead, 
using continuity. Equation 23 was written for the water 
pondage area. The equation states that change in volume over 
a finite time interval is equal to the sum of the discharge 
from the volume. 
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Q^+Q-, I„A_+I^A- ^ A_+A. 
V_-V. = (-± 1) At + (-^ —) At + bp^ (— (23) 
2 2 2 
where subscripts 1 and 2 identify the beginning and end of 
the interval of interest. Since V, Q and A were functions of 
depth. Equation 23 could be solved for depth at the end of 
the interval, if depth at the beginning of the interval was 
known. Equation 23 could be used for computing depths in 
either a water pondage area (p = 0), or for computing the 
depth of the volume of water containing the sediment of 
size p. 
Equation 23 was programmed for trial and error solution 
by computer. Early testing showed that with a time interval 
of about 0.05 hour and with depth to the nearest 0.0001 feet, 
the sum of total volume discharged, volume infiltrated and 
volume stored seldom differed from the initial volume by 
more than 0.01 percent at any time for values of variables 
and functions near those to be used. 
While computer simulation using Equation 23 for depth 
computations was simple, time required (expense) was 
prohibitive when extensive use of the program for this 
problem was considered. Consequently, depth solutions were 
made using Equations 2 and 3. Depth at the end of an 
interval was computed as 
dg = d^ - At. (24) 
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Then, using the computed depth at the end of the interval, 
computations were made to approximate the volume discharged 
during the interval, volume infiltrated during the interval, 
and amount of sediment discharged during the interval for 
each sediment size. 
The use of Equation 24 to compute depth at the end of 
an interval as the depth at the beginning of the interval 
minus the product of the rate of change in depth at the 
beginning of the interval and the length of the interval was 
expected to result in some loss of accuracy. In order to 
secure an estimate of inaccuracies in the simulation, the sum 
of volumes discharged, infiltrated and stored while discharge 
was occurring was compared to the initial volume stored. 
Errors were less than 0.1 percent. 
The time scale of 0.05 hour appeared satisfactory with 
respect to water and most sediment sizes lost. Large sedi­
ments, however, required smaller time intervals if their loss 
was to be predicted accurately. Since they settled rapidly, 
time intervals for the first 0.5 hour of simulation were 
shortened to 0.02 hour. 
Initial condition determination 
Initial pondage area water depth was required for simula­
tion. This depth was unknown for all storms. It was 
estimated by use of the following procedure. For given 
conditions and an initial depth greater than that expected 
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from any of the storms, water loss was simulated. A printout 
of time after drainage began, depth at that time, and volume 
discharged up to that time was made. When depth was zero, a 
volume of water had been discharged. For a given storm, the 
total volume discharged after the peak discharge rate was 
computed. This volume was subtracted from the total volume 
discharged computed by simulation. The printout was 
entered at this volume difference to determine the depth for 
the volume difference. This was the initial depth used for 
that storm for the given conditions. Figure 9 illustrates 
the procedure used. At Charles City, beginning with an 
initial depth of 2 feet, and for the infiltration rate and 
flow rate function shown, 14,458 cubic feet of water were 
discharged (initial volume was 24,082 cubic feet). The 
theoretical curve shown in Figure 9 is a plot of the accumu­
lated volume discharged and the depth existing at the time 
this accumulated volume discharge occurred. On May 31, 1971, 
a storm produced a total of 5,943 cubic feet of discharge 
after the peak rate occurred. Subtracting this from 14,458 
cubic feet and entering the printout at that volume (8,515 
cubic feet) will give the correct initial depth (1.406 
feet). As shown in Figure 9, the volume discharged if the 
initial depth was 1.406 feet would be 5,943 cubic feet. 
Pondage area vs. depth 
Water pondage areas around tile outlets were surveyed in 
1971. Contour lines were drawn on 0.2-foot intervals and 
Theoretical 
volume discharged 
vs depth 
I = .3 in/hr 
Q = 400d1-5 
12000 5943 ft Charles City 
5-31-71 Volume 
Discharged 
cubic feet 
8000 
4000 
Initial depth for storm of 5-31-71 
Depth - feet 2 
Elapsed time -
hours 0 6.45 12.80 19.15 25.45 32.35 
Figure 9. Illustration of procedure used to select initial depths for 
simulating actual storms 
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areas within a contour line.determined. Haan and Johnson 
(1967), in determining geometrical properties of depressions 
in North Central Iowa, found that volumes of depressions were 
related to area and depth by equations of the form 
V = a'A^' (25) 
and 
V = a"d^" (26) 
where V is depression volume, d is depression depth, A is 
depression area, and a', b', a", and b" are constants. 
Standard regression techniques were used to determine the 
values of the constants and accuracy of estimation. 
Curves of water pondage surface area versus depth for 
each location are shown in Figure 10. A single relation of 
the form 
A = ad^ (27) 
where A is surface area (square feet), d is depth (feet), 
and a and b are constants was fitted to the logarithms of A 
and d at each location by use of least squares techniques. 
The prediction equation was 
In A = In a + b In d, (28) 
where In is the natural logarithm. With b as determined by 
least squares methods for an estimate of b', the equation 
A = a' + a"d^* (29) 
was fitted to the data for values of b' near the value of b. 
The constant, b', was incremented by increments of 0.05 each 
2 direction from b. That one having the highest R for 
Figure 10. Water pondage surface area versus 
depth for terrace systems studied 
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positive values of a was deemed the best equation of the 
above form relating depth to area. 
The area of a prismatoid can be expressed as 
A = a + bd + cd^ + ed^. (30) 
Again, by use of least squares methods, the above equation 
was fitted to the experimental data. 
The results of efforts to relate water pondage surface 
area to depth are summarized by location in Tables 4, 5 and 6. 
In most cases, there is little difference statistically in 
the goodness of fit to the experimental data among equations 
of the different forms. In considering the best form to use, 
comparisons of results to field observations were made. If 
field observations were not contradicted, equations having 
the highest R were used with the restriction that the same 
general form was used for all locations. Coefficients are 
given in Tables 4, 5 and 6. 
Field observations indicate that pondage area is either 
greater than or equal to zero when pondage depth is zero. 
Also, water pondage area never decreases as depth increases. 
Cubic equations expressing pondage area of the form of 
Equation 30 did show decreasing surface area with increasing 
depth over part of the range of depths at a few locations. 
Also, if "a" in Equation 30 or "a'"in Equation 29 was negative, 
a negative area at zero depth was indicated. Because of the 
inability to use the cubic equation for all locations, and 
the little difference in R between equations of the form of 
Table 4. Statistical data used to select area vs. depth function for pondage 
areas at Eldora 
Dependent 
variable 
Independent 
variable(s) 
Form of prediction 
equation A^ B* C* R2 
In In In Y = In B+C In X —  —  —  8247 1.105 —  —  —  —  0.838 
Y xC Y = A+B X^ 917 8247 1.105 —  —  — —  0,786 
291 8996 1.000 —  —  — —  0.796 
603 8627 1.050 —  —  — —  0.792 
1154 7958 1.150 —  —  — —  0.782 
1400 7653 1.200 —  —  —  —  0.776 
Y X,X^,X^ Y = A+BX+CX^+DX^ -956 11427 751 -1249 0.822 
^A, B, 
water depth 
C, and D are constants; Y is area 
in pondage area, feet. 
of ponded water , square feet ; X is 
Table 5. Statistical data used to select area vs. depth function for pondage areas at 
Charles City 
Dependent 
variable 
Independent 
variable(s) 
Form of prediction 
equation A^ B® C® R2 
In In In Y = In B+C In X —  —  —  9465 1.728 — — — — 0.895 
Y xC Y = A+B X^ 791 9465 1.728 —  —  — —  0.907 
492 9869 1.650 —  —  —  —  0.910 
287 10141 1.600 —  —  — —  0.911 
70 10425 1.550 —  —  —  —  0.913 
-160 10722 1.50 —  —  —  —  0.914 
Y X,X^,X^ Y = A+BX+CX^+DX^ 1341 -6235 20457 -8054 0.921 
^A, 
depth in 
B, C, and D are constants; Y is area 
pondage area, feet. 
of ponded water. square feet; X is water 
Table 6. Statistical data used to select area vs. depth function for pondage areas 
at Guthrie Center 
Dependent 
variable 
Independent 
variable(s) 
Form of prediction 
equation A® B^ C* 
In Y® In X^ In Y = In B+C In X — — — 4485 1.285 —  0.875 
Y xC Y = A+B X^ 616 4485. 1.285 —  —  —  0.751 
301 4880 1.200 —  — —  0.754 
491 4642 1.250 — — — • 0.753 
833 4210 1.350 —  — —  0.749 
988 4013 1.400 — —  —  0.746 
97 5133 1.150 0.756 
Y X,X^,X^ Y = A+BX+CX^+DX^ -286 4372 1790 -519 0.758 
^A, B, C, and D are constants; Y is area of ponded water, square feet; 
X is water depth in pondage area, feet. 
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29 and 30, the equation of the form of 29 having the highest 
with a positive "a"' was used as the functional relation 
between area and depth. The equation was integrated to 
determine a functional relation between depth and volume. 
This functional relation is 
a" b'+1 
V = a'd + (g^) d° ^ (31) 
where V is volume in cubic feet. 
Infiltration function 
The functional form of the infiltration function and 
necessary constants were selected from the literature. 
Ligon and Johnson (1960) determined the infiltration 
capacity of Fayette silt loam from an analysis of hydrologie 
data. They determined that final infiltration rates for 
continuous corn were between 0.04 and 0.20 inch per hour. 
They did not find a significant relationship between 
antecedent precipitation index and final infiltration rate. 
Infiltration rates were nearly equal to final infiltration 
rates in about 20 minutes. 
Musgrave and Holton (1964) indicated that the Fayette 
and Clarion soils were members of the group of soils with 
above average infiltration rates. This group had minimum 
infiltration rates of 0.15 to 0.30 inch per hour. 
Hydraulic conductivities of Iowa soils are given for 
different depths by the Soil Conservation Service (1966). 
Examination of these published data indicated a considerable 
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range of infiltration rate within a single soil type might 
be expected. 
For each soil type, the infiltration rate was used as 
a constant in the model (was not a function of time), and 
the value of the constant was varied from 0.2 to 0.5 inch 
per hour in increments of 0.1 inch per hour. 
Flow rate function 
The relation between depth of water and flow rate was 
initially assumed to be of the form 
1 
Q = ad^ (32) 
where Q is flow rate, d is depth and a is a constant. This 
function would describe an orifice discharge relation or full 
pipe flow (tile line) relation. The discharge from the 
terrace system, however, did not seem to bear this relation 
to depth of water ponded. 
Slots in a vertical standpipe controlled discharge from 
the pond at each location (Figure 11). The discharge through 
a single orifice is proportional to the square root of the 
distance that orifice is from the water surface. With 
dimensions as shown in Figure 12, discharge through the 
uppermost orifice is given by 
1 
g g  =  C ( L ' ) ^  ( 3 3 )  
where q^ is discharge, c is a constant and L* is the distance 
from the water surface to the center of the orifice; L' is 
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large compared to the orifice height. Discharge from the 
next lower orifice is given by 
1 
= c(L'+L)^ (34) 
and total discharge is given by 
Q = qQ + «ïi + ••• + <3n (35) 
or 
11 1 
Q = c[(L')^+ (L'+L)^ + . . .+ (L'+nl)^] (36) 
Now, if L' is small, and if L is the average distance between 
orifices. Equation 36 can be approximated by 
Q = cjl Z\JÏ , N = (37) 
1=1 ^ 
for which the following is the integral form 
D/L 
Q = C\fL J sj^  dx . (38) 
0 
Equation 38, when integrated, becomes 
Q = I Cv/r (D/L) 3/2 . (39) 
Equation 39 was used as the flow rate function in the 
sediment loss model. 
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Figure 11. Photograph of slots in 
corrugated metal pipe connected 
to underground drain line 
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Water Surface 
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Figure 12. Definition sketch for discharge from a 
slotted corrugated pipe connected to 
underground drain line 
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Soil Loss Computations 
The computer simulation results for a given array of sedi­
ment sizes were in the form of percentage of initial weight of 
soil discharged for each sediment size. The amount of soil 
lost between two sediment sizes was approximated as 
(^I+l+Pl) 
Amount between sizes = .0001 E ^ 
where is the percentage of initial volume of soil lost of 
size p, Dj is the percentage of soil eroded between terraces 
having a diameter less than sediment size P, and E is soil 
erosion between terraces estimated using the universal soil 
loss equation. When soil loss between sizes is summed over all 
sizes, divided by soil erosion between terraces and multiplied 
by 100, total soil loss as percentage of soil eroded between 
terraces is expressed as 
N-1 (Pt+I+PT) 
DR = I .01 —iii—— (D T-D ) (40) 
1=1 ^ 
where DR is the Delivery Ratio. Sediment sizes selected were 
0.5, 1, 2, 4, 6, 8, 12, 16, 20, and 24 microns for values of I 
from 1 through 10. Points on the outflow cumulative size 
distribution (expressed as percent finer) were given by 
rîl (Dl+l-Ol' 
: = — DR Ml) 
where M is the value of I for the sediment size on the cumula- , 
tive size distribution. 
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Size Distribution of Eroded Material 
The fall velocity distribution of the suspended material 
is the parameter of interest, even though particle size 
distribution of the eroded material, density, and other 
physical and chemical variables are significant sedimentation 
parameters. 
Size distributions of soil in place, or as eroded 
material, are usually analyzed as completely dispersed 
materials having a known density. Separation of material 
by size is usually defined by fall velocities in water. 
Fall velocities are computed using Stokes' law, known water 
density and viscosity, known particle density, and assumed 
spherical shape. Since the materials are dispersed (no 
aggregation), the size distributions measured are particle 
sizes. For a Cecil clay subjected to natural and artificial 
rainfall, Yoder (1936) found that soil losses occurred 
primarily in the form of water-stable aggregates. Yoder 
noted that the application of Stokes* law to aggregate 
/ 
fractionation should be rejected because of extreme 
variability of settling velocities caused by variations in 
aggregate density. He reported data on aggregate density 
which indicated d three-fold difference in fall velocity (as 
computed by Stokes' law) between the soil aggregates of 
lowest and highest density within the 1-2-mm size range. 
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Yoder (1936) used the wet screening or sieve method of 
aggregate analysis to make aggregate distribution determina­
tions; hence, the upper limit of the smallest aggregate size 
class was 0.050 mm. For a fallow Cecil clay subjected to a 
3.92-inch rain, from 17.2 to 51.8 percent of soil loss was 
comprised of sediments with diameters less than 0.050 mm. 
From a 2.5-inch artificial rain on fallow Cecil clay, 18.7 
to 44.9 percent of soil lost had diameters less than 0.050 
mm. 
Weakly (1962) used a rainfall simulator in a preliminary 
study of aggregation of soil carried in runoff from two 
Nebraska soils. On a Tripp fine sandy loam, he found that 
sediments having a fall velocity equivalent to the 20-50-
micron size range of particles were primarily particles, 
while a Pullman silty clay loam was highly aggregated. Both 
soils were aggregated in the 5-20-micron size range; little 
eroded material was present in the 2-5-micron range. 
Weakly's results are presented in Figure 13. 
Swanson et al. (1965) reported results of studies on 
aggregates and particle size distributions of eroded 
materials carried in runoff from simulated rainfall. They 
found that on a Keith very fine sandy loam and a Sharpsburg 
silty clay loam the eroded soil materials were aggregated. 
For the Keith soil, 45 percent of aggregates in eroded 
material had diameters less than 50 microns while only 25 
percent had diameters less than 50 microns for the Sharpsburg. 
50 
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Figure 13. Data on sediment sizes of eroded material reported in the 
literature, and some log normal distributions used in study 
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They also concluded that soil particle size distributions did 
not change significantly in successive samples taken at 
uniform time intervals during the simulated storms, and that 
water-stable aggregates in the 100- to 2000-micron diameter 
range were comprised of similar particle size distributions. 
Swanson and Dedrick (1967), using several simulated 
rainfall events, found that for a Holdrege silt loam soil 
in Nebraska, considerable change in the aggregate size 
distribution took place progressively through the first 
simulated rainstorm. Eventually, for later storms, the 
aggregate distribution became nearly stable. They also found 
that eroded soil materials were highly aggregated, but eroded 
soil materials were finer textured than the original soil 
surface. They found that about 49 percent of eroded material 
were aggregates of less than 50 microns in diameter. 
Doty and Carter (1964) found that the particle size 
distribution of eroded material varied with the rate of soil 
movement. On a Grenada silt loam soil near Holly Springs, 
Mississippi, clay percentage was high when sediment 
concentration was low. At concentrations below 1000 ppm, 
eroded material was 90-100 percent clay and 0-10 percent 
silt. At 3000 to 4000 ppm, the percentages of silt and 
clay transported were about equal. At 20,000 to 30,000 ppm, 
about 70 percent of eroded material was silt and 30 percent 
clay, approximately the same percentages as the Grenada silt 
loam soil. 
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Moldenhauer and Koswara (1968) studied the effect of 
initial clod size on splash and wash erosion using a rainfall 
simulator. Some of their results are shown in Figure 13. 
Data points collected from the literature cited above 
are plotted in Figure 13. While considerable variability 
in the data is apparent, the data were collected by 
different investigators on different soils under different 
cropping, climatic, and topographic conditions. 
Gardner (1956) found that a majority of 200 aggregate 
size distributions appearing in soils literature were 
logarithmic-normally distributed or nearly so. Since 
sediments are comprised of both aggregates and particles, 
and sediments, particularly following intense rainstorms, 
probably tend to reflect the composition of the surface 
soil, it was assumed that eroded sediments between terraces 
had size distributions which were log normally distributed. 
Using the above published data as a guide,- the log normal 
mean was varied from 0.25 to 6.0 and the log normal standard 
deviation from 0.25 to 4.0 in increments of 0.25. 
The log normal distribution is a transformed normal 
distribution with the variate replaced with the logarithm 
of the variate (Chow, 1964) . When the variate is replaced 
by the logarithm of the variate, the cumulative size 
distribution plots as a straight line on normal probability 
paper. Also, replacing the arithmetic scale by a logarithmic 
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scale and plotting the variate (rather than the logarithm of 
the variate) will result in a straight line. The latter 
paper is log probability paper. When the log normal mean 
was 0.25, the mean sediment size was 1.28 microns; when the 
log normal mean was 6.00, the mean sediment size was 400 
microns. 
Summary 
In the early portions of this chapter, procedures 
followed in the field and laboratory portions of the study 
were outlined. The simulation procedures were described in 
detail. The functions used were defined and assumptions 
defended. The soil loss computation procedure was outlined 
briefly, and a review of information on size distributions 
of eroded sediment was presented. The size distribution of 
eroded material from the literature was needed since field 
measurement was outside the scope of this study. 
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RESULTS AND DISCUSSION 
Introduction 
Comparisons of measured and predicted variables are 
presented in this chapter. Comparisons are made of flow 
rates and sediment losses from water pondage areas. Sediment 
comparisons are total sediment loss, measured and predicted, 
and sediment size distributions, measured and predicted. 
The latter part of the chapter is devoted to explaining 
the effect of several variables (infiltration rate, shape of 
pondage area, inflow sediment size distribution, and 
discharge rate) on soil loss from tile-outlet terraces. 
Flow Rate from Water Pondage Areas 
The general form of the discharge-depth flow rate 
function was developed in an earlier chapter. The flow rate 
function used could be expressed as 
Q = CD^/Z (42) 
where Q is flow rate in cubic feet per hour, D is water 
depth in the pondage area in feet, and C is a discharge 
coefficient which is the product of a coefficient of discharge 
(King and Brater, 1963), area of the slots in the 
corrugated metal pipe, square root of two, square root of 
gravity and two-thirds of the average distance between slots. 
Values of C in Equation 42 were determined by visually 
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comparing predicted and measured discharges. Criteria in 
the determinations included comparison of predicted and 
measured peak discharge rates, time to drain pondage areas, 
and comparisons of shapes of the plotted predicted and 
measured discharges over the time drainage of the pondage 
area occurred. 
Several plots of measured and predicted discharge 
versus time are shown in Figure 14. Total volumes of flow 
are equal under both curves. Infiltration rate is 0.5 inch 
per hour. 
The measured discharge declines more rapidly than the 
predicted discharge rate during the Eldora event of 7-06-69 
as shown in Figure 14a. For some other events a poorer 
match would result. 
Figure 14b was included as an example of a poor match 
of measured and predicted flow rate versus time. Data are 
for the storm of 5-27-70 at Charles City. Few comparisons 
resulted in a poorer fit of measured and predicted than the 
storm of 5-27-70 at Charles City. The most probable cause 
is that trash blocked some of the small slots in the 
corrugated metal pipe. Blocking of small slots has been 
observed during and after several rainfall and runoff 
periods at the Eldora location. 
Figure 14c illustrates a good fit of measured and 
predicted flow rates over time at Guthrie Center. This is 
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Figure 14. Flow rates from tile-outlet terraces, 
measured and predicted 
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one of the better fits, particularly for the low flow rates 
involved. 
Plots similar to those shown in Figure 14 were made for 
a range of discharge coefficients (C) and infiltration rates. 
On the basis of these visual comparisons, a discharge 
coefficient was selected for each infiltration rate. The 
coefficients are given in Table 7. 
Average peak flow rates, measured and predicted, are 
given in Table 7. Over all storms and locations, peak rate 
was overestimated by 3 to 6 percent for the range of 
assumed infiltration rates. Peak flow rates were overesti­
mated at Eldora and Charles City and underestimated at 
Guthrie Center. A linear regression of predicted peak rates 
versus measured peak rate was performed. The hypothesis 
that there was a 1:1 correlation between observed and 
predicted peak rates was not rejected at the 1 percent level 
of significance. 
Data shown in Table 7 indicate that infiltration rate 
can have a significant effect on volume of water discharged 
from a water pondage area. If the flow rate coefficient 
3/2 
were 320 ft ' /hour and infiltration rate was 0.5 inch per 
hour, an average of 2.45 cubic feet of water would be stored 
initially in a water pondage area for each cubic foot of 
water discharged. 
The study of plots of measured and predicted discharge 
Table 7. Summary of flow rate data 
Location Infiltration rate - inches per hour 
Measured 
Eldora Avg peak rate - cu ft/hr 169 
Water yield after peak - cu ft 13476 
Volume stored at peak - cu ft 
Volume stored at peak - percent 
of water yield after peak 
Charles Avg peak rate - cu ft/hr 320 
City Water yield after peak - cu ft 18733 
Volume stored at peak - cu ft 
Volume stored at peak - percent 
of water yield after peak 
Guthrie Avg peak rate - cu ft/hr 184 
Center Water yield after peak - cu ft 4433 
Volume stored at peak - cu ft 
Volume stored at peak - percent 
of water yield after peak 
Over All Avg peak rate - cu ft/hr 214 
Water yield after peak - cu ft 36642 
Volume stored at peak - cu ft 
Volume stored at peak - percent 
of water yield after peak 
0.2 0.3 0.4 0.5 
204 211 218 221 
22233 
165 
26231 
195 
31244 
232 
37016 
275 
346 352 351 348 
25479 
136 
30962 
165 
36880 
197 
44309 
237 
140 140 139 137 
5822 
131 
6583 
149 
7493 
169 
8595 
194 
220 225 227 227 
53534 
146 
63776 
174 
75617 
206 
89920 
245 
Discharge coefficient 440 400 360 320 
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rates versus time and the comparisons of measured and 
predicted peak rates did not indicate that one infiltration 
rate and flow rate coefficient was better than another. 
Variations of predicted flow rate from measured flow 
rate can be explained in several ways. Pondage areas have 
different depth-area relations at a single location. Pondage 
areas also have different drainage areas. For a single storm, 
water depths and discharge rates are different for each 
pondage area, and the change in flow rate with time is also 
different. The resulting change of discharge with time may 
be different from that predicted by use of a single pondage 
area. 
The flow rate function used was based on the assumption 
that slotted orifices in the side of the corrugated metal 
riser controlled flow rates. However, it is possible that 
either orifices or tile lines might limit flow rates from 
individual or multiple pondage areas (or any combination of 
pondage areas) for all or part of some runoff events. 
Soil Loss 
Model selection 
For each model, infiltration rate, and storm, soil loss 
as a percent of initial weight of soil was computed for 
each of the given sediment size. These data were combined 
with the estimates of the inflow sediment size, distributed 
log normally, to compute total soil loss and sediment size 
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distribution of soil lost for each storm. The measured and 
predicted soil loss and size distribution were combined over 
all storms to produce an average sediment size distribution 
measured and predicted, and a total soil loss measured and 
predicted. For each model, infiltration rate, and log normal 
sediment size distribution, the total soil loss, the maximum 
difference between observed and predicted cumulative 
sediment size distribution, and the deviation of predicted 
soil loss from the observed soil loss were computed. The 
deviation was computed as the square root of the sum of the 
squares of the difference between observed and predicted 
soil loss divided by the number of storms. For each location, 
model, and infiltration rate, using judgment based on a 
minimum difference between predicted and observed cumulative 
sediment size distributions, minimum deviation, and accurate 
prediction, the three best choices of the log normal sediment 
size distributions were made. The best choice for each model 
and infiltration rate is shown in Table 8. 
Model I was consistently superior based on comparisons 
of differences between the observed and cumulative sediment 
size distributions. Model I sediment size distributions were 
consistently coarser than were sediment size distributions 
from any of the other three models. The deviations varied 
little among models. Using any model, it was possible to 
get equally good estimates of soil loss by varying the log 
Table 8. Comparison of soil loss and maximum differences between measured and predicted cumulative 
size distributions for best log normal distributions for 4 models 
Model number 
II III IV 
Location Inf^ LOR normal LOR normal Log normal Log normal 
in./hr Mean^ Dev^ Loss^ Dif^ Mean Dev Loss Dif Mean Dev Loss Dif Mean Dev Loss Dif 
Eldora 0.2 5.25 3.25 1851 6.8 3.75 2.25 1836 9.5 4.25 2.50 1695 8.5 3.75 2.25 1761 10.6 
0.3 5.00 3.25 1820 6.2 3.75 2.25 1612 9.7 4.0 2.50 1728 8.3 3.75 2.25 1542 9.4 
0.4 4.75 3.25 1776 5.8 3.50 2.25 1659 9.0 3.75 2.50 1743 8.3 3.50 2.25 1585 9.7 
0.5 4.50 3.25 1718 5.7 3.25 2.25 1680 8.9 3.50 2.50 1735 8.4 2.75 2.00 1956 10.0 
Charles 0.2 5.25 2.25 366 5.5 4.25 1.75 339 8.9 4.25 1.75 384 8.6 3.75 1.50 341 9.8 
City 0.3 5.00 2.25 398 6.5 4.00 1.75 384 10.7 4.00 1.75 423 8.0 3.50 1.50 397 11.3 
0.4 5.00 2.25 349 5 .6 3.50 1.50 403 10.2 3.50 1.50 449 11.2 3.50 1.50 394 10.5 
0.5 4.75 2.25 367 6.7 3.50 1.50 347 10.5 3.75 1.75 400 9.2 3.50 1.50 295 9.7 
Guthrie 0.2 4.25 1.75 689 4.7 3.25 1.25 699 7.6 3.75 1.50 622 8.0 3.25 1.25 639 8.9 
Center 0.3 4.25 1.75 632 4.8 3.25 1.25 636 8.0 3.75 1.50 566 7.5 3.25 1.25 579 8.5 
0.4 4.25 1.75 573 5.4 3.25 1.25 575 8.6 3.50 1.50 668 9.5 3.25 1.25 552 8.1 
0.5 4.00 1.75 651 5.7 3.00 1.25 690 9.7 3.50 1.50 598 9.2 3.00 1.25 629 10.9 
^Mean is the log normal mean; Dev is the standard deviation of the log normal distribution; 
Loss is the predicted soil loss in pounds per acre; Dif is the maximum difference between the 
measured and predicted cumulative size distributions - percent. 
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Table 9. Measured and predicted soil loss 
Location 
and date 
Soil 
loss 
measured 
lbs/acre 
Soil loss predicted 
Infiltration rate (inches per hour) 
0.2 0.3 0.4 0.5 
lbs/acre 
Eldora 
6—29—68 
7—17-68 
8—08—68 
6-17-69 
6-29-69 
7—06—69 
7-17-69 
7-23-69 
7—26—69 
8-20-69 
6-07-71 
6-12-71 
171 
157 
32 
440 
61 
587 
49 
35 
55 
69 
165 
186 
060' .067' .058' 056' 
227 
58 
104 
10 
771 
52 
34 
41 
316 
101 
138 
254 
65 
117 
11 
866 
58 
39 
46 
354 
114 
155 
221 
56 
98 
9 
730 
49 
33 
39 
308 
97 
135 
215 
54 
93 
9 
704 
47 
32 
38 
301 
94 
131 
Charles 
City 
5-27-70 
6—01—7 0 
9-01-70 
10—26—7 0 
11-09-70 
11-19-70 
5-31-71 
6—06—71 
260 
16 
1 
19 
9 
13 
61 
46 
25 
6 
111 
2 
153 
68  
032' 
033' 
27 
7 
121 
.035' 
.035' 
2 
166 
74 
24 
6 
107 
.031^ 
.031' 
2 
146 
65 
25 
6 
112 
2 
152 
68 
032' 
033' 
Guthrie 
Center 
7—26—69 
8—08—69 
9—06—69 
5-23-70 
5-24-70 
6—11—7 0 
6—16—7 0 
8—07—7 0 
8-17-70 
6-06-71 
183 
7 
17 
90 
87 
142 
15 
11 
7 
73 
195 
21 
67 
77 
21 
147 
27 
35 
58 
40 
179 
19 
62 
71 
19 
133 
25 
32 
53 
37 
172 
19 
59 
67 
18 
128 
24 
31 
51 
35 
187 
20 
64 
72 
20 
137 
26 
33 
54 
37 
^Soil loss could net be computed because of raingage 
failure. Values are delivery ratios predicted. 
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normal distribution. 
Quantity comparisons 
Measured and predicted soil loss by individual storms 
from each location are shown in Table 9. Predicted soil loss 
is given for each of the four infiltration values used. 
Predicted soil loss is partially dependent on the assumed 
inflow sediment size distribution. The assumed distributions 
used are those which were judged best (Table 8, Model I) 
from the standpoint of minimizing differences between observed 
and predicted cumulative size distributions, minimizing 
deviations between observed and predicted individual storm 
soil losses and accurately predicting total soil loss. The 
assumed inflow sediment size distributions used are shown in 
Figure 13. 
Figures 15, 16 and 17 show the effect of assumed inflow 
sediment size distribution on predicted soil loss and on the 
maximum difference between the observed and predicted 
cumulative sediment size distribution. While tabular presen­
tations of the data shown in these figures were used to 
select the best inflow sediment size distributions, such 
figures could have been used to make these selections. 
Linear regressions of predicted versus observed soil 
losses were performed. The results of the statistical 
analyses are shown in Table 10. Figure 18 compares observed 
and predicted soil losses, and shows the least squares 
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prediction line for a single infiltration rate. 
The statistical information shown in Table 10 reveals 
that there is little apparent correlation between observed 
and predicted soil loss at Charles City, while at Eldora and 
Guthrie Center there is significant correlation. The Y 
intercepts at Eldora and Guthrie Center are not significantly 
different than zero. At Eldora, the slope of the regression 
line was not significantly different than 1, while it was 
significantly different than 1 for two infiltration rates at 
Guthrie Center. The 5 percent significance level was used in 
the statistical tests. 
When all data were combined, the Y intercept was not 
significantly different from zero. For infiltration rates of 
0.2, 0.3 and 0.4 inches per hour, the slope of the regression 
line was not significantly different from 1. The confidence 
limits of the slope of the regression line was about equal to 
the computed slope +0.22. 
The regression of predicted on observed soil loss 
explained 70 percent of the variance in observed individual 
storm soil loss at Guthrie Center, 50 percent at Eldora and 
only 3 percent at Charles City. When data from all locations 
were combined, the regression explained slightly more than 
50 percent of the variance in observed individual storm soil 
loss. The standard error was from 130 to 150 lbs. per acre 
at Eldora, 46 to 72 at Charles City and 26 to 35 at Guthrie 
Center. Overall, standard error was from 71 to 106 lbs/acre. 
Table 10. Pertinent statistics for relating predicted and observed soil loss 
Location Inf. 
rate SE 'kl V' 
Eldora 0.2 19.87 .889 155.88 .270 65.0 .548 3.30% .41 .31 
0.3 22.14 .999 174.64 .302 73.0 .548 3.31% .00 .30 
0.4 21.35 .838 149.33 .258 62.5 .540 3.25% .62 .34 
0.5 21.59 . 806 144.91 .251 60.5 .535 3.22^ .77 .36 
Charles 0.2 67.72 -.104 67.60 .310 34.4 .027 .34 2.89% 1.97 
City 0.3 73.76 -.115 73.42 .337 37.3 .028 .34 2.63% 1.98 
0.4 65.00 -.101 64.65 .296 32.9 .029 .34 3.04% 1.98 
0.5 67.81 -.105 67.45 .309 34.3 .028 .34 2.89^ 1.98 
Guthrie 0.2 20.23 .768 34.64 .175 16.0 .686 4.40% 1.33 1.26 
Center 0.3 38.91 .701 31.62 .160 14.6 .684 4.39% 1.87% 2.67 
0.4 17.92 .672 30.66 .154 14.1 .681 4.36% 2.12" 1.27, 
0.5 36.78 .730 33.01 .167 15.2 .684 4.38% 1.62 2.42 
Over all 0.2 22.84 .799 107.70 .155 26.4 .516 5.16% 1.30 .87 
0.3 19.60 .899 120.83 .173 29.6 .519 5.19% .58 . 66 
0.4 20.84 .756 102.96 .148 25.6 .511 5.11% 1.65 .82 
0.5 24.28 .725 100.50 .144 24.7 .500 5.02^ 1.90° .98 
^Prediction equation is Y = b^+b,X; Y is predicted soil loss; X is measured soil 
loss. ° -L 
^Reject hypothesis stated at top of column. 
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Figure 15. Effect of assumed inflow sediment size on 
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at Eldora 
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soil loss and cumulative size distributions 
at Charles City 
79 
5000 
O 0 
2 4000 
<D IW LW 
•1-1 
1 2 
•H O 
.S ^ 3000 
4J 1-4 
CO 
CO CO 
o 
2000 
o 
CO 
*3 0) 
13 (U 
u 
eu 
01 
> 
o (0 XJ 
o 
Minimum difference 
1000 
I Observed - Predicted] 
25 
20 
CO 
15 
10 
<D 
•H CO 
CD 
> 
B D O 
-o 0) 4J 
O 
•f-I 
-a 
a c 
o 4J -D «rH C C tJ 
<U CO 3 
o *o 5-4 *0 CD 0) }-i 
> JJ W CO QJ «H CO 'O 
O 
c 
o 
CD 
B 
<D 
rO 
O 
o 
c 
o 
a 
U-J 
LW 
•w 
-v 
B 3 
E 
P4 
Log normal mean 
Figure 17. Effect of assumed inflow sediment size on 
soil loss and cumulative size distributions 
at Guthrie Center 
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Standard error, expressed as percent of the mean, was the 
lowest at Guthrie Center (41 percent) and highest at Charles 
City (109 percent). Over all locations and infiltration rates, 
standard error was from 67 to 100 percent of the mean soil 
loss per individual storm. 
Wischmeier and Smith (1958) in relating the rainfall 
factor to soil erosion reported a standard error of 2.5 tons 
2 per acre and an R of 0.892 for 138 storms on a fallow plot 
2 
of Shelby soil over a 10-year period. R for other soils 
ranged from 0.707 to 0.817. 
Data on soil erosion from erosion research plots were 
available at Beaconsfield and Castana, Iowa. The necessary 
rainfall and cropping data were also available. Soil erosion 
from 30 storms, 15 from each location, was predicted using 
the universal soil loss equation. The storms were selected 
randomly from the plots having continuous corn. Only storms 
having runoff volumes greater than 0.10 inch were included. 
A scatter diagram of measured versus predicted soil erosion 
2 is shown in Figure 19. R was 0.31, standard error was 86 
percent of the mean soil erosion (1.49 tons/acre). 
The universal soil loss equation was used to estimate 
soil delivered to the water pondage areas. Predicted soil 
loss from a water pondage area is directly proportional to 
predicted soil delivered to the water pondage area. The 
accuracy of prediction of soil loss from a water pondage 
area cannot exceed the accuracy of prediction of sediment 
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delivery. In fact, prediction of erosion between terraces 
should be less reliable than prediction of erosion from 
erosion plots from which data were collected to develop the 
universal soil loss equation. Hence, prediction of soil 
loss from tile-outlet terraces should be less accurate than 
2 prediction of soil loss from erosion plots. R in the 
vicinity of 0.5 over all storms and locations is as good as 
could reasonably be expected. 
Size distribution comparisons 
Cumulative size distributions are shown in Figures 20, 
21, and 22 for observed and predicted soil loss. The "best" 
log normal distribution for the given infiltration rate was 
used. No statistical tests for goodness of fit were used 
since the data do not lend themselves readily to statistical 
goodness-of-fit tests. If a pound of soil loss was 
considered an event, and these events classed into size 
classes, a Kolmogorov-Smirnov goodness-of-fit test (Ostle, 
1963) would lead one to reject, only at Eldora, the 
hypothesis that the observed size distribution follows the 
predicted size distribution. 
Evaluation 
The data and analysis presented above indicate that 
Model I predicts soil loss from tile-outlet terraces nearly 
as well as the universal soil loss equation would predict 
field erosion. The soil loss predicted by use of Model I 
Measured 
Predicted 
Mean = 5.25, Std. dev. = 3.25 
I = .2 in/hr 440 d 
99.9 98 99 90 95 80 50 10 20 2 5 
Percent finer than 
Figure 20. Measured and predicted cumulative size distributions of soil 
lost at Eldora 
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Measured and predicted cumulative size distributions of soil 
lost at Charles City 
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Figure 21. 
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Figure 22. Measured and predicted cumulative size distributions of 
soil lost at Guthrie Center 
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is directly proportional to the universal soil loss equation 
estimates, since Model I computes the percentage of soil 
that enters a water pondage area and is subsequently 
discharged suspended in the discharge water. The product of 
this percentage and erosion as predicted by the universal 
soil loss equation provides the estimate of soil discharged 
from the water pondage area. 
There are several explanations for the differences in 
correlation of observed and predicted soil loss between loca­
tions. Obviously, additional storm data to include in the 
analysis would be helpful. Time of occurrence could be a 
factor. Charles City data included four storms after August, 
while Guthrie Center had only one and Eldora none. Sediment 
concentrations were so low in the Charles City fall storms 
that size distributions were not determined. 
The predicted cumulative size distributions agreed 
closely with the observed cumulative size distributions. 
Closer agreement would be obtained if assumed inflow size 
distributions were incremented in smaller increments than 
0.25 for the mean and variance of log normal distributions. 
Also, other distributions could have been used. As shown in 
Figures 15, 16 and 17, there were many log normal distribu­
tions which could have been used for the inflow sediment size 
distribution, and which would give a maximum difference 
between the measured and predicted cumulative size distribu­
tions little different from the one selected as "best." 
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However, it is obvious that the absolute difference between 
observed and predicted soil loss was much affected by the 
log normal size distribution. 
There appears to be little justification for selecting 
one infiltration rate over another. The infiltration rate, 
when combined with a decreased flow rate coefficient, has a 
significant effect on soil loss, but the best value to use 
was not obvious. 
As shown in Figure 13, the log normal distributions which 
best fit the data were in the range of sizes reported in the 
literature. 
The statistics presented earlier were developed by 
comparing predicted and observed data. The observed data were 
used to select a "best" model and to select inflow sediment 
size distributions, both needed to predict soil loss. As 
such, the observed data do not constitute the independent data 
set needed to adequately test the model. To perform adequate 
testing of the model, the model needs to be tested for its 
ability to predict soil loss for events not included in the 
data used herein. 
Application of Model 
In order to show the expected effect of important 
variables on soil loss from tile-outlet terraces, the simula­
tion was performed using Model I with discharge expressed as 
a function of the square root of the depth. The discharge 
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function is the one recommended by the American Society of 
Agricultural Engineers (1972). Their recommendation applies 
where more than two intakes discharge into the same under­
ground conduit and orifices are used to regulate flow rate. 
Table 11 shows the values of variables used in the simulation. 
The simulation program developed was used to model soil 
loss for 1,125 different discharge events for a single log 
normal inflow sediment size distribution. The program was 
also used to model a single event with varying log normal 
distributions. Figures 23 to 30 present the results of this 
simulation. 
First, Figure 23 shows that the effect of infiltration 
on soil loss of a particular size is influenced by the 
velocity at which the sediment falls. If a sediment falls at 
Table 11. Values of variables used in simulation 
Inf c h 
rate Q = AD* Area = aD Initial depth 
A a b D 
0.0 in./hr 250 4000 1.0 0.4 
0.2 in./hr 500 6000 1.25 0.8 
0.4 in./hr 750 8000 1.50 1.2 
1000 10000 1.6 
2000 12000 2.0 
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Figure 23. Effect of•infiltration rate and sediment size 
on loss of sediment of a given size 
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Figure 24. Effect of discharge coefficient, sediment 
size and infiltration rate on loss of 
sediment of a given size 
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Figure 25. Effect of infiltration rate and sediment size 
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Figure 26. Effect of flow rate and sediment size on 
loss of sediment of a given size 
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Figure 27. Effect of discharge coefficient and infiltra­
tion rate on soil loss 
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Figure 29. Effect of pondage area shape and initial volume 
on soil loss 
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Figure 30. Effect of inflow sediment size distribution 
on soil loss 
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zero velocity, the percentage of that sediment lost would be 
the same as the percent of initial volume of water discharged. 
Figure 24 shows that the percentage of 0.5 micron material 
lost for the various discharge coefficients is only slightly 
less than the percentage of initial volume of water 
discharged, while the percentage of larger sizes lost is 
considerably less than the percentage of water discharged. 
The loss of large sediments would be nearly independent of 
infiltration rates, since little infiltration would occur 
before these sediments disappeared from the discharged water. 
In Figure 23, loss of sediment 8 microns in diameter is 
nearly independent of infiltration rate, while loss of 
smaller sediments is increasingly dependent on infiltration 
rates. Figure 25 further illustrates that loss of sediment 
larger than 8 microns is not affected by infiltration rates. 
Figure 26 shows the effect of the discharge coefficient 
(discharge rate) and sediment size on percent of sediment size 
lost. For a large discharge coefficient nearly 100 percent 
of small sediment size is lost. Under such conditions, 
little opportunity for settling and infiltration occurs. 
Discharge rates obviously affect the percentage of a given 
size lost. 
The effect of infiltration rate on soil loss for a 
range of discharge coefficients and a single inflow sediment 
size distribution is shown in Figure 27. Infiltration rate 
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has a small effect on soil loss for the given sediment size 
distribution. 
Figure 28 shows that discharge coefficient and pondage 
area shape significantly affect soil loss. As one would 
expect, lowering the discharge rates presents greater 
opportunities for settling and infiltration. 
Figures 28 and 29 show both the effect of shape and 
initial volume on soil loss. As initial volume increases, 
soil loss expressed as delivery ratio decreases; different 
pondage area shapes having the same volume have different 
delivery ratios. At small initial volumes, slight increases 
in initial volume may significantly lower the delivery 
ratio. Figure 29 shows an obvious soil loss reduction for 
any initial volume as surface area at any depth increases. 
Figure 28 shows that this effect exists at all flow rates. 
Figure 30 shows the effect of inflow sediment size 
distribution on delivery ratio. As the mean of the log 
normal size distribution of the inflow sediment size distribu' 
tion increases, for a constant standard deviation, the inflow 
size distribution must be coarser, hence delivery ratio 
decreases. As the standard deviation increases, for a 
constant mean, the percent of incoming material of a given 
size increases for sizes less than the mean, and decreases 
for sizes greater than the mean. Since most soil loss from 
tile-outlet terraces consists of sizes less than the mean. 
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this increases soil loss. 
The effect of important variables on soil loss from 
tile-outlet terraces has been discussed. The values of 
variables used to illustrate their effect on soil loss were 
chosen to approximate values experienced in nature. The 
simulation program in the Appendix can be used to develop 
expected soil loss under specific conditions. 
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SUMMARY AND CONCLUSIONS 
A simulation model has been developed which predicts 
the drainage hydrograph, sediment loss, and size distribution 
of the discharged sediment from a water pondage area around 
an outlet of a tile-outlet terrace. Necessary input 
information includes an initial water depth, soil erosion 
between terraces, inflow sediment size distribution (fall 
velocity), the relation between depth of water and discharge 
rate, infiltration rate, and the surface area-depth relation­
ship of the water pondage area. 
The testing of the simulation model indicates that 
predicted individual storm soil loss compared as well with 
measured soil loss as could be expected. Since predicted 
soil loss was proportional to predicted soil erosion between 
terraces as estimated by use of the universal soil loss 
equation, results can be no better than the universal soil 
loss equation predictions. 
Measured and predicted cumulative size distributions of 
soil lost as suspended material in discharge from tile-
outlet terraces agreed closely. Maximum difference between 
measured and predicted cumulative size distributions, 
averaged for all storms, never exceeded 7 percent. 
Several models for computing soil loss were tested. It 
was assumed for all models that all sediments having the same 
fall velocity fell with zero velocity relative to each other. 
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The model which gave best results was one for which all 
discharge of water was at the initial concentration of a 
particular sediment size (fall velocity) until the uppermost 
sediment of that size fell a distance equal to the depth. 
At later times, concentration of that particular sediment 
size in the discharge was zero. 
Inflow sediment size distributions were assumed. Some 
point data were available in the literature. Other literature 
cited indicated that aggregate size distributions follow a 
log normal distribution. The inflow sediment size distribu­
tions which best fit the data were in the range of data 
reported in the literature. 
The simulation model was used to evaluate the effect of 
several parameters on soil loss from tile-outlet terraces. 
The most important factor was inflow sediment size distribu­
tion. Material having high fall velocities settles quickly. 
As the material becomes finer, the percentage of the initial 
amount of material of that size that is lost increases. As 
the limit on size approaches zero, the percentage lost of a 
given size approaches the percentage of the initial 
volume of water in the pondage area that is discharged. 
Other important parameters were discharge rate, shape 
of the water pondage area, and the volume of runoff which 
transported the sediment. 
Infiltration, while significant in water loss, was not 
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important in soil loss because most settling takes place 
before much water is infiltrated. Most sediment sizes of 
soil eroded into water pondage areas are greater than those 
with loss influenced by infiltration rate. 
The model predictions presented herein were compared 
with data used to develop portions of the model. As such, 
the comparisons do not constitute an independent test of the 
model. Another data set is needed to adequately test the 
model. 
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APPENDIX: SIMULATION FORMULATED FOR DIGITAL COMPUTER 
c  
c  
c  COMPUTER PROGRAM-FORTRAN IV» IBM 360-65, JOHN H.LAFLEN-OCTOBER» 1972 
C SIMULATION OF DISCHARGE AND SOIL LOSS FROM TILE-OUTLET TERRACES 
C 
C 
C 
C VARIABLE DEFINITIONS 
C 
C AGDIS(I)—CUMULATIVE SIZE DISTRIBUTION OF INFLOW SEDIMENT, ASSUMED 
C LOG NORMAL. COMPUTED BY PROGRAM USING INPUT AMEAN AND STD, 
C AMEAN —MEAN OF LOG NORMAL DISTRIBUTION 
C STD —STANDARD DEVIATION OF LOG NORMAL DISTRIBUTION 
C SIZEdl —SEDIMENT SIZES IN MM. 10 VALUES. INPUT SIZES MUST BE .0005, 
C .001, .002, .004, .006, .008, .012, .016, .020, AND .024MM. 
C ASIZE( n — SEDIMENT SIZE IN MICRONS 
C ACSEO(I)—ACCUMULATED SEDIMENT DISCHARGED IN CUBIC FEET OF WATER AT 
C INITIAL CONCENTRATION FOR SIZE I (SIZE=.0005 MM WHEN 1=1) 
C ACDES(I)—AMOUNT DISCHARGED OF SIZE I EXPRESSED AS PER CENT OF AMOUNT 
C INITIALLY IN PONDAGE AREA, WHEN I IS 1, SIZE= 0.0, WHEN 1=2, 
C SIZE IS .0005 MM. 
C FALLVd) — FALL VELOCITY OF SEDIMENT. WHEN 1 = 1, SIZE=.0005 MM. 
C AINFR INFILTRATION RATE-FEET PER H O U R  
C QRATA DISCHARGE COEFFICIENT 
C QRATB EXPONENT ON DEPTH IN DISCHARGE EQUATION 
C 01 AND Q2-FL0W RATE—CUBIC FEET PER HOUR 
C ATIME TIME INTERVAL TO USE IN SIMULATION 
C AR1,AR2,AR3— COEFFICIENTS IN WATER PONDAGE AREA FUNCTION 
C SURFACE AREA= AR1+AR2*DEPTH**AR3 
C LID —lDENTIFICATION-120 CHARACTERS AT TOP OF EACH PAGE OF OUTPUT. 
C 01,D, DX WATER DEPTH IN WATER PONDAGE AREA 
C DP2(J) WATER DEPTH OF SEDIMENT CONTAINING SEDIMENT OF SIZE(J) 
C 0P2IJ» FLOW RATE FROM VOLUME CONTAINING SEDIMENT OF SIZE*J) 
C PPC(I) CUMULATIVE SIZE DISTRI BUT ION(IN PERCENT) OF SEDIMENT LOST 
C FROM WATER PONDAGE AREA. IT IS USED AS ANOTHER VARIABLE IN 
C COMPUTING FINAL VALUE OF PPC(I). 
C DR DELIVERY RATIO—PERCENT OF INFLOW VOLUME OF SOIL THAT IS 
c L O S T  F R O M  W A T E R  P O N D A G E  A R E A  
C AA1,AA2 AREA OF WATER PONDAGE AREA 
C TIME TIME IN HOURS SINCE DRAINAGE BEGAN. 
C Vu INITIAL VOLUME OF WATER 
C VINFT VOLUME OF WATER INFILTRATED 
G VDISC VOLUME OF WATER DISCHARGED 
C VI,V2 VOLUME OF WATER IN WATER PONDAGE AREA. 
C M A VARIABLE FOR LINE COUNTING OF OUTPUT. KEY ON M TO CHANGE 
C PAGES 
C 
c  
c  
C INPUT DATA INFORMATION—SEE COMMENTS AFTER CARD 6. 
C 
C CARD 1 SEDIMENT SIZES. FORMAT(10FB,4I 
C CARD 2 IDENTIFICATION USE ENTIRE CARD, CONTINUE TO COLUMN 40 OF CARD3 
C CARD 3 IDENTIFICATION A FORMAT FOR CARDS 2 AND 3. 
C CARD 4 MEAN AND STANDARD DEVIATION OF INFLOW SEDIMENT SIZE 
C DISTRIBUTION*ASSUMED LOG NORMAL) FORMAT(2F10.5) M 
C CARD 5 DATA IN ORDER- AINFR, QRATA, QRATB, ATIME, ARl, AR2, AR3. ^ 
C F0RMAT(7F10.4) 
c  CARD 6  INITIAL DEPTH IN FEET. FORMAT*FIO.5) 
c  
C COMMENT—CARD 6 CAN BE FOLLOWED By ANOTHER DATA SET BEGINNING WITH CARD 
C 2. WHEN ALL COMPUTATIONS FOR ONE DATA SET ARE COMPLETED, CARD 2 
C  I S  R E A D .  I F  T H E R E  A R E  N O  D A T A  C A R D S ,  P R O G R A M  E N D S ,  
c  
C 
C OUTPUT— 
C 
C OUTPUT IS THE STATE OF PONDAGE AREA AT BEGINNING AND END OF EACH TIME 
C INTERVAL, AND WHEN DEPTH IS ZERO, A FINAL PAGE FOR SOIL LOSS DATA 
C SUMMARY. 
C 
C 
C 
c  
DIMENSION SIZE(101,FALLV(10),0P2(101tQP2(10)iACSEO(11i, 
lLI0(30)f AGDIS(12), ASIZE(ll), ACDES(ll), PPCdl» 
C 
C 
C INITIALIZE 
C 
C 
AGDIS(1)=0. 
AGDIS(12)=1.0 
S02=2.**.5 
ASIZE(1)=0. 
C 
C 
C READ IN SEDIMENT SIZES AND COMPUTE SIZE IN MICRONS 
C 
C 
READ(5,401) (SIZE(11,1 = 1,10) 
401 F0RMAT(10F8.4) P 
D0600 1=2,11 N 
ASIZE(I)=SIZE( I-1»*1000. 
600 CONTINUE 
C 
C 
C COMPUTE FALL VELOCITIES 
C 
C 
00 70 1=1,10 
FALLV*I)= 10740. *SIZE(I)**2. 
70 CONTINUE 
c 
c  
C READ REMAINDER OF INPUT DATA, PROGRAM RETURNS TO HERE AFTER -A SIMULATION. 
C 
C 
1043 CONTINUE 
READ*5,396, END=100) LID 
396 F0RMAT(20A4,/,10A4) 
REA0|5,601I AHEANFSTD 
601 F0RMAT(2F10.5) 
READ(5,402» AlNFR,QRATA,QRATB,ATI HE,AR1»AR2,AR3 
402 F0RMAT(7F10.4I 
READ(5,403,ENO=100ID 
403 F0RMATCF10.5» 
NM=10 
011 = 0 
C 
c 
C COMPUTE INFLOW SEDIMENT SIZE CUMULATIVE DISTRIBUTION 
C 
C 
00602 1=2,11 
X=CAL0G( ASIZEt IM-AMEANI/STD 
IFCX.LT.O.OI GO TO 603 
AGDISCI»=.5*(1.^ERF( X/S02)) 
GO TO 602 
603 AGDIS(I)=.5*(1.-ERF(-X/S02)I 
602 CONTINUE 
AR4=AR3+1. 
ARN=AR2/AR4 
C 
C 
C COMPUTE INITIAL CONDITIONS 
C 
C 
88 VINFT=0. 
0R=0. 
VDISC=0, 
TIME=0. 
Q2=QRATA*D**QRATB 
AA2=AR1+AR2*D**AR3 
V2=AR1*D+ARN*D**AR4 
VU=V2 
C0NC=100. 
DO 2 J=l,10 
0P2(J)=D 
QP2(J)=Q2 
ACSED(J)=0, 
2 CONTINUE 
C 
C OUTPUT OF STATE OF PONDAGE AREA AT BEGINNING OF FIRST INTERVAL 
C 
C 
WRITE(6,301) LID 
WRITE(6,307ITIME,D,Q2,VDISC,VINFT,V2, CONC, (DP2(J),J=1,10) 
M=1 
C 
C 
C COMPUTE STATE CF PONDAGE AREA 
C 
c 
91 CONTINUE 
Q1=Q2 
AAl=AA2 
IF(TIME.LT.0.49)DTIME=.4*ATIME 
IF(TIME.GT.0.49)DTIME=ATIME 
V1=V2 
RZB=VDISC+VINFT 
IFCRZB.LT.VUÏGO TO 102 
D=0# 
102 D=D -(Q1/AA2+A INFR)*DT1ME 
IFCD.GT.G.IGO TO 509 
0=0. 
509 AA2=AR1+AR2*D**AR3 
VINFT=VINFT+AINFR*0.5*DTIME*(AA1 +AA2) 
V2=AR1*D+ARN*D**AR4 
Q2=QRATA*D**QRATB 
VDISC=VDISC+0.5*DTIME*(Q1+Q2) 
C 
C 
C COMPUTE STATE OF VOLUME CONTAINING SEDIMENT OF SIZE J 
DO 5 J=1»10 
IF(DP2(J))20,20,41 
41 DP2(J)=DP2(J)-(QP2(J)/(AR1+AR2*DP2(J)**AR3)+AINFR+FALLV(J*)*DTIME 
IF(DP2(J))20,20,42 
42 ACSED(J) =ACSED(J) +(QP2(J) +Q2)*.5*DTIME 
QP2(J|=Q2 
GO TO 5 
20 DP2(J)=0. 
QP2(J)=0. 
5 CONTINUE 
92 TIME=TIME+DTIME 
C 
C 
C COMPUTE CONCENTRATION OF SEDIMENT IN DISCHARGE 
C 
C 
IF(NM.EQ.l) GO TO 391 
IF(DP2(NM).GT.0.0* GO TO 392 
NM=NM-1 
DII=DP2CNM» 
C0NC=AGDIS(NM+2)*100. 
GO TO 393 
391 C0NC=100.*DP2(1)*AGDIS(2I/DII 
GO TO 393 
392 CONC=100.*(AGOIS(NM+1)+(OP2(NM) /Oil»* (AGDIS<NM+2»-AGDlS(NH+l))) 
393 CONTINUE 
IFIM.LT.50160 TO 300 
M=0 
C 
C 
C OUTPUT OF STATE OF PONDAGE AREA AT END OF INTERVAL 
C 
C 
WRITE(6T30I) LID 
301 F0RMAT('1',/,1X,30A4,//,31X,'VOLUME CUBIC FEET CONCENTRATION' 
1,/,IX,'TIME DEPTH FLOW RATE', 6X,'ACCUMULATED', 18X, 'PERCENT 
2 DEPTH OF SEDIMENT-FEET, SEDIMENT SIZE IN MICRONS*IX,'HOURS F 
3EET eu FT/HR DISCHARGED INFILTRATED STORED INITIAL r5 1 
4 2 4 6 8 12 16 20 24',/) 
300 WRITE(6,307)TIME,D,Q2,VDI5C,VINFT,V2, CONC, (DP2fJ I,J=1,10) 
307 F0RMAT(F6.2,F6.3,F9.0,2Fll.2,F10.2,F11.2,2X,10F6.3) 
M=M+1 
IFID.EQ.O.O; GO TO 101 
GO To 91 
C 
c  
C COMPUTE SEDIMENT LOSS AND SIZE DISTRIBUTION OF SEDIMENT LOSS 
C 
c  
101 ACDES(1)=100.*VDISC/VU 
DO 6051=2,11 
ACDES( n=100.*ACSED( I - L ) / V U  
PPCfn = (AGDISt n-AGDIS(I- l ))*(ACDES(I)+ACDES(I-1))*.5 
0R=DR+PPC(n 
PPC(I)=DR 
605 CONTINUE 
DO 607 1=2,11 m 
PPC(I)=100.*PPC( n/DR 
607 CONTINUE 
C 
C 
C OUTPUT OF SUMMARY OF SOIL LOSS AND SIZE DISTRIBUTION DATA 
C 
C 
NRITE(6,351I LID,(ASIZE(I),1=2,11),(ASIZE(J),J=2,11) 
351 FORMATAIS 
1 IX,30A4,//,35X,'PERCENT OF SIZEIMICRON) DISCHARGED', 20X, 
2'PERCENT FINER THAN (SIZE IN MICRONS)',/,IX, 'DELIVERY RATIO', 17X 
3, 20F5,1) 
W R I T E ( 6 , 3 5 2 )  D R , I A C D E S ( I ) , 1 = 2 , 1 1 ) ,  ( P P C ( J ) , J = 2 , 1 1 )  
352 FORMAT! F12.2,20X,20F5.1) 
GO TO 1043 
C 
100 WRITE(6F10491 
1049 FORMAT!•1») 
STOP 
END 
